(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 939 119 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPG 



(43) Date of publication: 


(51) Int. CI. 6 * C12N 15/10, C12N 15/12, 


01.09.1999 Bulletin 1999/35 


C12N5/16, C07K 14/435 


(21) Application number* 97930840 0 


• 

(86) International application nurnba" 


(22) Date of filing- 18.07.1997 


PCT/JP97/02502 




/Q7\ Intcirna+ion^l ot ihfiriatinn ni imhpj" 

\0 / J II UW IICIUVI tCII |JL**JIlLrClUv«»f 1 llUIIUJTTI 




WU 9o/Upt>45 |<£9.U1 . 1 yiK> Vaazetie 1 walW) 


(84) Designated Corrtractihg States: 


■• NAKAMURA, Yukio 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU NL 


Tsukuba-shi, Ibaraki 305 (JP) 


PTSE 


• MIYOSHI, Sousuke 


tsukuba-shi, Ibaraki 305 (JP) 


(30) Priority: 23.07.li996 JP 19264496 


• KIM, Pong, Ku 


Tsukuba-shi, Ibaraki 305 (JP) 


(71) Applicants: 


• FUJISAWA PHARMACEUTICAL CO., LTD. 


(74) Representative: 


Osaka shi Osaka 541-8514 (JP) 


Turk, Gille, Hrabal 


- Nakauchi, Hiromitsu 


Paten tBnwalte * f u™pean Patent Attorneys,, 


Inashiki-gun, Ibaraki 300-1 2 (JP) 


Brucknerstrasse 20 




40593 Dusseldorf (DE) 


(72) inventors: ; 




• NAKAUCHI, Hiromitsu \ 




Inashiki-gun, Ibaraki 300-1 2 (JP) 





(54) TRANSMEMBRANE TRAPPING METHODS 



(57) The present invention provides a melhocj of 
cloning a protein coding for a membrane protein without 
the need of using any antibody or Hgand 

The method of cloning a membrane protean com- 
prises selecting a rxotein having a signal sequence, 
using a DNA coding for the signal sequence and N-ter : 
minal sequence of the protein as the reporter gene, and 
screening for a gene for a protein having a transmem- 
brane dpma3n(s). ■ 

The present invention Is concerned also with the 
cDNA obtained by using such method, a vector contain- 
ing the DNA, a transfbrmant as transformed with the 
vector, and the transcription product of the DNA as pro- 
duced by theitransformarit. 
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Description 
TECHNICAL FIELD 

5 [0001 ] In the mechanisms of differentiation and proliferation of cells, membrane proteins expressed on the surface of 
said cells have a very important biological significance. Cytokine, peptide hormone or neurotransmitter receptors, cell 
adhesion molecules and the like are involved in signal transduction from cell to cell The present invention relates to a 
method of cloning proteins coding for such membrane proteins without requiring any antibody or ligand at all More par- 
ticularly, it relates to a method of cloning proteins having transmembrane domains. 

10 

BACKGROUND ART 

[0002] The methods most widely used at present for cloning membrane molecules include several improvements or 
modifications of the expression (or phenotype) cloning method designed in 1987 by Seed and Aruffoi (Proc Acad Sci 

15 USA, 84:3365-3369, 1 987) They comprise utilizing, for example, transient expression by Cos7 cells arid an expression 
v ctor containing the replication origin of SV40, thus introducing a cDNA Iforary constructed using an expression vector 
for use in animal cells into Cos7 cells, and thereby causing expression of a cDNA library-derived membrane protein on 
the cell surface. Cells in which the desired target membrane molecule is expressed are concentrated by panning or by 
means of a FACs, using an antibody to or a ligand of said membrane molecule, and the plasmid DNA is recovered and 

20 used again to transfect Cos7 cells, and this concentration procedure is repeated (panning method or sorting method, 
respectively) Another method comprises dividing an expression vector cDNA library into a certain number of small 
groups, introducing each group into Cos7 cells, detecting membrane molecule expression using an isotope-labeled 
antibody or ligand, drvicfing the positive group or groups further into small groups each comprising a small number of 
plasmids. arid repeating the transfection to attain cloning (sib selection method) 

25 [0003] However, the methods mentioned above each is effective only when the antibody to or the ligand of the target 
membrane molecule expressed on the cell surface is clearly known On the contrary, the present method is an epoch- 
making one which enables cloning of a membrane molecule on cells without requiring any antibody or ligand at all. The 
fact that no antibody or ligand is required is very advantageous in that intracellular signal transduction substances can 
be cloned while avoiding troublesome establishment of assay systems in which a biological activity is used as an inrj- 

30 caior Further, in the case of cytokine receptors, the level of expression on the cell surface is very low (several hundreds 
to several thousands per cell) and, therefore, it is difficult to prepare monoclonal antibodies which are to be obtained 
through immunization with a solubfized ceil fraction Jn addition, it is practically impossible to make approaches by the 
conventional method based on amino acid sequence determination following protein purification. Unlike the conven- 
tional methods, the present method is a novel one which enables even cloning of quite hovel membrane molecules the 

35 ligand of which has never been identified 

DISCLOSURE OF INVENTION 

[0004] The present invention consists in a method of cloning a DNA cooing for a membrane protein which comprises 
40 the steps of 

A) selecting a protein having a signal sequence, and preparing a DNA (reporter gene) coding for the signal 
sequence and N terminal sequence of said protein; 

B) constructing a DNA library containing a DNA coding for a target membrane protein; 

45 C) constructing an expression vector by Joining the DNA library obtained in B) above to the downstream of the 
reporter gene obtained in A) above; 

D) transforming an appropriate host with the expression vector obtained in C) above, and selecting cells in which 
the reporter gene is expressed on the cell surface; and 

E) recovering the vector from the positive cells obtained to give a clone containing a part or the whole of the DNA 
so coding for the target membrane protein; and 

F) when the DNA obtained in E) above codes only for a part of the target protein, obtaining a complete DNA clone 
based on the sequence thereof 

[0005] The present invention also relates to the cDNA obtained by using these methods, a vector containing said 
55 DNA, a transformant resulting from transformation with said vector, and the product of transcription of said DNA as pro- 
duced by said transformant 

[0006] The present inventors revealed that even a membrane molecule which is qurte new and an antibody to which 
can hardly be prepared or any ligand of which has not yet been identified can be cloned by using the method of the 
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present invention 

[0007] In the following, the cloning method of the present invention is fully described step by step 

A) First of all. a protein having a signal sequence is selected, and a DNA (reporter gene) coding for the signal 
sequence and N-terminal sequence of said protein is prepared The signal sequence-containing protein is such a 
protein as to permeate through the membrane and includes, among others, membrane proteins and secretory pro- 
teins As the reporter gene, there may be mentioned, for example, a DNA obtained by selecting a known membrane 
protein and depriving a DNA coding for said membrane protein of the transmembrane domain-encoding region and 
the downstream thereof Said known membrane protein is not limited to any particular protein provided that the 
nucleotide sequence coding therefor is already known (for example, the cDNA sequence for said protein is known, 
or the chromosome DNA sequence is known) and thus the transmembrane domains) thereof can be estimated 
and that the expression thereof on the membrane surface can be confirmed It is, however, preferred that it be a 
homologous protein (for example, if the novel membrane protein to be cloned (target membrane protein) is a mam- 
mal-derived one, the known membrane protein should be also a mammal derived one) As specific examples of 
such known membrane protein, there may be mentioned known mammalian cell-surface antigens, such as murine 
L3T4, human CD4 and human HLA antigens; and various receptor proteins occurring on the cell surface, such as 
receptor type thyrosine kinase, receptor type serine/threonine kinase and cytokine receptors. A DNA correspond- 
ing to one derived from the DNA coding for such a known membrane protein by deletion of the transmembrane 
domain(s) and the downstream thereof is prepared by utilizing an ordinary genetic engineering technique (e g 
DNA synthesis, restriction enzyme cleavage of cDNA followed by purification, etc.) 

B) A DNA library containing a DNA coding for the target membrane protein is then constructed The DNA itorary 
containing a DNA coding for the target membrane protein may be a cDNA Jforary or a chromosomal DNA library. 
The DNA library can be constructed by an ordinary method used in genetic engineering. For example, if a novel 
membraneprotein expressed in hepatocytes is the target membrane protein, mRNA is collected from hepatocytes. 
If a novel membrane protein expressed in brain cells is the target membrane protein. mRNA is obtained from brain 
cells. Then, cDNA is produced using a reverse transcriptase and further converted to the corresponding double- 
stranded molecule using a DNA polymerase. AcDNA library is constructed by inserting said double-stranded mol- 
ecule into an appropriate vector (e,g. plasmid or phage) A commercially available DNA library may also be used . 
When it is intended to obtain a cDNA for a membrane protein of a particular family gene origin, it is advantageous 
to use a cDNA library concentrated by degenerated PCR utilizing a consensus sequence such as a motif 
sequence, which occurs in the family genes. 

C) And, an expression vector is constructed with the DNA of the DNA library obtained in B) above joined to the 
downstream of the reporter gene obtained in A) above As specific examples of the vector to be used in construct- 
ing such expression vector, there may be mentioned pCD (Okayama et at, Mol, Cell Biol, 3:280, 1983), pCD-SR 
(Takebeet, Mol. Cell Biol., 8:466. 1988), pCDM8 (Funakoshi), pBMG, pEF, pMAM (Toyobo) and the like. The 
expression vector is constructed by ligating the reporter gene and the DNA of the library containing a target mem- 
brane protein-encoding DNA, or a DNA derived therefrom by random hydrolysis, in that order, to the downstream 
of the promoter occurring in such a vector. When a cDNA sequence concentrated by degenerated PCR utilizing a 
consensus sequence is used, the cDNA can be joined in advance to the reporter gene without reading frame shift- 
ing 

D) An appropriate host is transformed with the expression vector obtained in C) above, and ceBS expresising the 
reporter gene on the membrane surface are select©! When the DNA coding for the transmembrane domain(s) in 
the DNA iforary is one encoding a fusion protein with a known membrane protein, said fusion protein is trapped on 
the cell membrane arid the cells are rendered positive to an antibody against the epitope of the known membrane 
protein on the host cell membrane surface, In the case of a cDNA which does not code for any transmembrane 
domain, the fusion protein with a known membrane protein is not hold on the cell membrane, namely rt is a secre- 
tory protein, hence rt is not stained with an antibody against the known membrane protein. Therefore, by selecting 
cells binding to an antibody against the known membrane protein, it is possible to select those cells transformed 
with the expression vector containing a cDNA coding for tfie whole or part of the target membraneprotein In cases 
where the target membrane protein is of an animal cell origin, for instance, animal cells are preferred as the host 
cells For example, such hosts as COS7, which can realize transient expression, are preferred For selecting cells 
expressing the reporter gene on the membrane surface, the panning method, which utilizes an antibody against the 
reporter protein, or the sorting method using a FACS or the like is used, among others. These procedures for trans- 
formation, expression and selection may be repeated several times, as necessary, whereby the transformant (pos- 
itive cells) expressing the target membrane protein can be concentrated 

E) The vector is recovered from the positive cells obtained to give a clone containing a part or the whole of the DNA 
coding for the target membrane protein. Where necessary, the base sequence of a fragment coding for the target 
merrfcrane protein is determined and the sequence of the target membrane protein is analyzed or searched for 
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using an analysis software of GENETYX (SOFTWARE-KAIHATSUGAISYA (software development company)), for 
instance, to determine whether the desired DNA has been cloned 

F) When the DNA obtained in E) above encodes only a part of the target membrane protein, a full DNA clone is 
obtained from a DNA Iforary such as a cDNA library or a chromosomal DNA library on the basis of the sequence 
5 thereof 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] 

10 

Rg 1 is a schematic representation of an embodiment of the transmembrane trapping method of the present inven- 
tion 

BEST MODES FOR CARRYING OUT THE INVENTION 

15 

[0009] The following examples illustrate the present invention in further detail In the examples, the procedures 
described in Molecular Cloning: A Laboratory Manual (Maniatis et al., Cold Spring Harbor Laboratory, 1983) were fun- 
damentally followed unless otherwise specified 

20 Example 1 

Preparation of total RNA 

[001 0] Thus, 1 x 1 0 7 Ba/F3 cells (RIKEN Cell Bank, Cell No: RCB0805) were washed with two portions of phosphate 
25 buffer. After removal of the supernatant by centrifugation, 1 ml of ISOGEN (Nippon Gene) was added to the pellet and, 
after thorough stirring, the suspension was allowed to stand at room temperature for 5 minutes. Chloroform (0 2 ml) was 
added to the suspension and, after thorough stirring, the mixture was allowed to stand at room temperature for 3 min- 
utes and then centrlfuged at 5.000 rpm at 4°C for 15 minutes. The aqueous phase was recovered, 0 .5 ml of 2-propanol 
was added thereto, and the mixture was stirred, then allowed to stand at room temperature for 10 minutes and centri- 
30 f uged at 1 5,000 rpm at 4°C for 15 minutes The supernatant was removed, 1 ml of 0.75% ethanol was added to the pre- 
cipitation and. after stirring, the mixture was again centrifuged at 15,000 rpm at 4°C for 5 minutes. After removal of the 
supernatant, the ethanol was eliminated and then 20 \x\ of water was added to give a total RNA solution 

Example 2 

35 

mRNA preparation 

[0011] mRNA preparation was performed using the Quick prep maicro mRNA purification kit (Pharmacia) according 
to the manual attached thereto. 

40 

(1) To 20 >l of the whole RNA solution obtained in Example 1 was added o 4 ml of Extraction buffer, followed by 
further addition of 0-8 ml of Elution buffer The rrrixture was stirred and then centrifuged at 15,000 r^wri at 4°C for 10 
seconds. 

(2) Separately, 1 ml of oligo(oT) beads were taken and centrifuged at 15,000 rpm at 4°C for 10 seconcts The super- 
45 natant was removed, 1.2 ml of the supernatant obtained in 2-1 above was added to the pellet and the whole was 

gently stirred for 3 minutes. 

(3) The preparation was centrifuged at 15,000 rpm at 4°C for 10 seconds, the siperhatarit was removed, 1 ml of 
High-salt buffer was added, and the mixture was stirred. This procedure was repeated five times. 

(4) Using Low-salt buffer in lieu of High^satt buffer, the procedure of (3) was repeated two times. 

so (5) The preparation was transferred to the attached column and centrifuged at 1 5,000 rpm at 4°C for 5 seconds! 
Further, the procedure comprising adding 0 5 ml of Low-salt buffer to the column and the subsequent centrifugation 
was repeated three times. 

(6) To the column was added 0 2 ml of Elution buffer at 65°G and centrifugation was performed at 1 5,000 rpm at 
4°C for 5 seconds for elution of mRNA. This procedure was repeated two times. 
55 (7) To the eluate were added 40 \i\ of 3 M sodium acetate and 10 pJ of glycogen, the mixture was stirred and, after 
further addition of 1 ml of 99.5% ethanol, the mixture was allowed to stand at -20°C for an hour 
(8) After 15 minutes of centrifugation at 15,000 rpm at 4°G, the supernatant was completely removed to give 
mRNA. 
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cDNA synthesis 

5 [0012] cDNA synthesis was carried out using the Superscript preampiifbation system (GIBCO BRL) aocording to the 
manual attached thereto. Thus, 

(1) 11 f-tl of DEPC-water and 1 of 30 jiM SMJNI-Xhol random primer were added to the mRNA, and the mixture 
was incubated at 70°C for 10 minutes, immediately followed by 1 minute of standing on ice. 5-UNI-Xhol random 
io primer (SEQ ID NO*1 in the sequence listing) 

5 • -CCT-CTC-AAG-GTT'CCA-CAA-TCC-ATA-CTC-CAG- [N]. [ N 3 I H ) - [HI GG- 3 ' 
QUI 3© que nee - Xhjol - 

75 



(2) To this were added 2 jlv! of 0 1 M dithiothreitoi (DTT) solution, 2 \i\ of 25 mM magnesium chloride (MgCI) solution, 
2 |il of 10 x reverse transcriptase buffer (RTase buffer) and 1 of 10 mM dNTP solution, and the mixture was 

20 allowed to stand at room temperature for 5 minutes Then, 1 yd of reverse transcriptase (Superscript II) was added 
and the reaction was carried put at room temperature for 1 0 minutes and further at 42°0 for 50 minutes 

(3) The reaction was terminated at 70°C over 15 minutes. Then, 1 pJ of E coii ribonuctease 8 (RNase H) was 
added, and the reaction was carried out at 37°C for 20 minutes. 

25 Example 4 

Polymerase chain reaction (PGR) 

[001 3] The following PGR conditions were used and the reaction was initiated by the hot start method 

30 

PCR conditions 
[0014] 

35 30 seoonds at 94°C, 30 seconds at 60°C and 90 seconds at 72°C; 30 cycles 
PCRsolution 
[0015] 

40 



2.5 mM dNTP 


8 pJ 


10 x Buffer 


10 |il 


5' Primer 


1pJ 


3* Primer 


1^ 


Water 


78*ii 


Template DMA 




Taq polymerase 


1 ^ 


Total 


100 >tl 



55 
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PCR primers 

WSXWS degenerated primer (SEQ ID N02) 
5 [0016] 

5'-tGG-AG(CA)K€/G)(A/C)(C/G)-TGG-AG(C/T) 
UNI primer (SEQ ID NO:3) 

w 

10017] 

5 , -CCT-CTG-AAG^TT<X:A"GAA-TCG-ATA-G 
15 Example 5 

Insert cDNA preparation 
[0018] 

20 

(1) The PCR product obtained in Example 4 was purified by desalting, primer elimination arid so on using the Wiz- 
ard PCR peps resin (Promega) and eluted with 50 pJ of water. 

(2) To 50 fd of this DNA solution were added 1 jtl of 25 mM dNTP, 6 pJ of 10 x Buffer and 1 |il of T4 DNA polymerase 
and, further addition of water to make 60 iliJ. the reaction was carried out at 37°C for 15 minutes. 

25 (3) The reaction mixture was desalted and purified with the Wizard DNA purification resin (Promega), and the DNA 
was eluted with 50 jil of water. 

(4) To this solution were added 1 of Xhol (restriction enzyme) and 6 *il of 10 x Buffer and. after further addition 
of water to make 60 pi. the reaction was carried out at 37°C for 60 minutes. 

(5) The reaction mixture was desalted and purified using the Wizard DNA purification resin, and the DNA was 
30 eluted with 20 fxl of water 

Example 6 

Vector DNA preparation 

35 

10019] 

(1) The Sacl-Hael region of the murine L3T4 cDNA as deprived of the transmembrane domain downstream was 
inserted into the cloning vector prescript II (Toyobo) at the multidoning ate Sacl-Smal site. 

40 (2) This was excised at the Sacl-Apal, then rendered blunt-ended by T4 DNA polymerase treatment, and inserted 
into pCAGGS (Gene. 108 (1991), 193-200), which is an expression vector for use in animal cells, at the FcoRI 
cleavage site rendered bliffit-ended (pCAGGS-L3T4) (ct Fig. 1). 

(3) The restriction enzymes EcoRV and Xhol (1 \xl each) and 5 pi bf 10 x Buffer were added to 2 pg of the pCAGGS- 
L3T4 vector and, after further addition of water to make 50 jo4, the reaction was carried out at 37*C for 1 hour, 

45 (4) The reaction mixture was electrophoresed on a Ibw-rhetting agarose gel, and the vector band was excised and 
allowed to stand al 68 Q C for 1 0 minutes. 

(5) The DNA was purified using the Wizard PCR peps resin and eluted with 20 jrt of water. 
Example 7 

so 

Ligation reaction 
[0020] 

55 (1) The insert DNA (9 pO was mixed with 1 p] of the vector DNA. then 10 pi of Ligation reaction medium I (Ligation 
Kit Ver 2, Takara Shuzo) was added, and the reaction was carried out at 16°C for 30 minutes. 

(2) The reaction mixture was desalted and purified using the Wizard DNA purification resin The DNA was eluted 
with 20 pi of water 
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Example 8 

Large-scale cD IMA preparation 
5 [0021] 

(1) The DNA (2 ni) was added to 48 jllI of competent Escherichia coli DH10B, the mixture was transferred to a Gene 
Pulser cuvette (Bio-Rad, 1mm), and eiectropofation was performed at 1.25 kV, 400 Q. and 25 \i FD, immediately 
followed by addition of 1 ml of SOB solution at 37°C The mixture was transferred to a 15-ml tube and shaken at 

10 37°C for 1 hour for effecting transformation. 

(2) The culture fluid obtained above was added to 200 ml of LB medium, and shake-culture was conducted over- 
night at 37°C. 

(3) coli cells were collected by 1 0 minutes of cerrtrifugation at 6,000 rpm at 4°C, and the cDNA was then recov- 
ered by the cesium chloride method 

15 

Example 9 
Transfection 
20 {0022] 

(1) 6-Well dishes were sown with 1 x 10 6 Cos7 cells per well, and cultivation was carried out overnight on DMEM 
medium (GIBCO) 

(2) The DNA (5 jig) was mixed with 100 \i\ of Opti-MEM medium (GIBCO) Separately, 100 pi of Opti-MEM medium 
25 and 5 pi of Upofectin (GIBCO) were mixed together Both mixtures were combined and the resulting mixture was 

allowed to stand at room temperature for 30 minutes. 

(3) To this was added 800 \x\ of Opti-MEM medium, the mixture was poured onto Cos7 cells washed twice with Opti- 
MEM medium, and cultivation was conducted for 8 hours. 

(4) The culture fluid was subjected to medium exchange for DMEM. followed by 2 days oi further cultivation. 

30 

Example 10 
FACS sorting 

35 [0023] FACS sorting was carried out basically according to the manual attached to a FACS device (Vantage, Vecton 
Dickinson). Cell staining was performed fundamentally according to "Men'eki Kenkyuu ho Kiso Gijutsu (Basic Tech- 
niques for Immunological Studies)" (ecfited by Seishi Kozu and Shinsuke TakL pubteihed by Yodosha) 

(1) 1 ml of 5 mM EDTA-PBS solution was added to each well of the 6-well dishes and allowed to stand at room tem- 
40 perature for 10 minutes anti/lfoen, the Cos;7 cells were peeled off from the dishes by pipetting 

(2) The cells were washed with 5% FCS-PBS and then centrifug ed at 1 ,500 rpm at room temperature for 5 minutes, 
the supernatant was removed, 1 \i\ of FITC-labeled anti-L3T4 monoclonal antibody (Pharmirigen) was added to the 
pellet, and the mixture was allowed to stand on ice for 30 minutes. 

(3) After washing with two portions of 5% FCS-PBS solution, the supernatant was removed, the cells were sus- 
45 pended in 1 mg/ml popicium iodide-PBS solution, and L3T4 (FJTC) positive cells were sorted out using a FACS 

(Vantage, Vecton Dickinson) 

Example 11 
so Hirt extraction 
[0024] 

(1) The cells sorted out were centrifuged at 5.00 rpm at 4°C for 5 minutes, the supernatant was removed, 04 ml of 
55 0 6% SDS-10 mM EDTA solution was added and, after 15 minuets of standing at room temperature, 0 1 ml of 5 M 

aqueous sodium chloride solution was added, and the mixture was allowed to stand overnight on ice. 

(2) After 30 minutes of cerrtrifugation at 15,000 rpm at 4°C. the supernatant was recovered and subjected to phe- 
nol-chloroform extraction, followed by further ethanot precipitation The DNA precipitate was dissolved by adding 5 
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lil of water 
Example 12 

[0025] Concentration of positive cells was effected by repeating the procedures of Examples 8 to 1 1 three times 
Example 13 

Base sequence determination 
[0026] 

(1) The plasmid DNA was recovered from the concentrated positive cells by the Hirt extraction method, Escherichia 
coli was transformed therewith and sown onto LB plates 

(2) A single colony was picked up from one of the plates, and the plasmid DNA was recovered by the alkali method 
and purified with the Wizard DNA purification resin. 

(3) The cycle sequencing dye terminator method (Perkin Elmer) was performed and the DNA nucleotide sequence 
was determined on an automated nucleotide sequencer (Applied Biosystems model 373A). 

(4) The DNA nucleotide sequence determined was subjected to homology searching consulting with the Gen-Bank. 
As a result, the DNA obtained was found to code for interleukin 3 receptor 

Example 14 

[0027] The design of the WSXWS degenerated primer utilizing the WSXWS motif was modified and the procedures 
of Examples 1 to 13 were followed using F36P cells (RIKEN Cell Bank. Cell No. RCB0775). namely a human IL-3- or 
human C^M-CSF-dependent human leukemia ceil line. 

[0028] As a result, the KH97 (IL-3Rp unit) gene could be efficiently cloned using primer (1) and, further, the !L-2Ry, 
IL-4Ra and IL-6Ra genes could be efficiently cloned using primer (2), the GM-CGFRa gene using primer (3), the IL- 
13Ragene using primer (4), and the EpoR gene using primer (5) 

WSXWS degenerated primers 

[0029] 

(1) 5-TGG-AG(C/T>GAN-T^AGT (SEQ ID N04) 

(2) 5'-TGG-AG(C/T)-GAN TGG^-AGC (SEQ ID NO'S) 

(3) 5-TGG-AG(C/T)-NCC-TGG-AGT (SEQ ID N0:6) 

(4) S'-TGG-AGCCni-AAN-TGG-AGT (SEQ ID N0:7) 

(5) S'-TGG-AGfC/TJ-NCC-TGG-TC (SEQ ID N0:8) 
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10 



15 



20 



25 



30 



35 



40 



45 



SO 



Sequence Listing 

NUNBER OF SEQ ID NOS : 8 
(1) SEQ ID NO: 1 

(i) SEQUENCE CHARACTERISTIC: 

(A) LENGTH: 36 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double-stranded 

( D ) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleotide synthetic DNA 
(ix) FEATURE : 

( B ) LOCATION: 31 

(C) OTHER INFORMATION: N«A , C, G and T 

(B) LOCATION; 3 2 

(C) OTHER INFORMATION: N-A , C, G and T 

(B) LOCATION: 33 

(C) OTHER INFORMATION : N«A, C, G and T 

(B) LOCATION: 34 

(C) OTHER INFORMATION: N«A , C, G and T 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 1: 

CCTCTGAAGG TTCCAGAATC GATACTCGAG NNNNGG 3 6 

(1) SEQ ID NO: 2 
(i) SEQUENCE CHARACTERISTIC : 
(A) LENGTH: 15 
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5 



10 



15 



20 



25 



(B) 


TYPE: nucl ic acid 




(C) 


S TRANDEDNESS : double-stranded 




<D> 


TOPOLOGY: linear 




(ii) 


MOLECULE TYPE: other nucleotide 


synthetic DNA 


(") 


FEATURE : 




<B) 


LOCATION: 6 




<C) 


OTHER INFORMATION: N=C and T 




(B) 


LOCATION: 7 




<C) 


OTHER INFORMATION: N=C and G 




<B) 


LOCATION: 8 




to 


OTHER INFORMATION: N=A and C 




» f. 


LOCATION: 9 




(C) 


OTHER INFORMATION: N-C and G 




(B) 


LOCATION: 15 




(C) 


OTHER INFORMATION : N=C and T 




(xi) 


SEQUENCE DESCRIPTION : SEQ ID NO: 


2 : 



35 

TGGAGNNNNT GGAGN 15 

40 {1) SEQ ID NO: 3 

(i) SEQUENCE CHARACTERISTIC: 
<A) LENGTH: 2 5 

45 

(B) TYPE: nucleic acid 

(C) S T RAND E D.N ESS : double-stranded 
50 (p) TOPOLOGY: linear 

{ii) MOLECULE TYPE: other nucleotide synthetic DNA 
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10 



15 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3: 

CCTCTGAA6G TTCCAGAATC GATAG 2 5 

(1) SEQ ID KO:4 

(i) SEQUENCE CHARACTERISTIC: 

(A) LENGTH: 15 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : double-strarided 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: other nucleotide synthetic DNA 
(ix) FEATURE: 

(B) LOCATION: 6 

(C) OTHER INFORMATION: N=C and T 
<B) LOCATION : 9 

(C) OTHER INFORMATION: N=A , C, G and T 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
35 TGGAGNGANT GGAGT 15 



20 



25 



30 



40 



45 



50 



55 



(1) SEQ ID NO: 5 

(i) SEQUENCE CHARACTERISTIC: 

(A) LENGTH: 15 

(B ) TYPE- nucleic acid 

CO STRANDEDNESS : double-stranded 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleotide synthetic DNA 
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(ix) FEATURE : 

(B) LOCATION : 6 

{C) OTHER INFORMATION: N«C and T 

(B) LOCATION: 9 

<C) OTHER INFORMATION: N=A , C, G and T 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

TGGAGNGANT GGAGC 15 



20 



(1) SEQ ID NO: 6 

(i) SEQUENCE CHARACTERISTIC: 
(A) LENGTH: 15 

25 <B) TYPE: nucleic acid 

|C) STRANDEDNESS : double- stranded 
<D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleotide synthetic DNA 
(ix.) FEATURE : 

<B> LOCATION: 6 

(C> OTHER INFORMATION: N=C and T 
<B) LOCATION: 7 

(C) OTHER INFORMATION: N=A, C, G and T 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TGGAGNNCCT GGAGT 



30 



35 



40 



45 



50 



55 



(1) SEQ ID NO: 7 
(i) SEQUENCE CHARACTERISTIC 
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(A) LENGTH: 15 

(B) TYPE: nucleic acid 
{C) STRANDEDNESS : double-stranded 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleotide synthetic DNA 
(Ax) FEATURE: 

(B) LOCATION: 6 

(C) OTHER INFORMATION: N=C and T 
(B) LOCATION: ? 

CC) OTHER INFORMATION: N=A , C, G and T 
(aci) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
25 TGGAGNAANT GGAGT 15 



10 



15 



20 



30 



35 



40 



45 



SO 



(1) SEQ ID NO: 8 
(i) SEQUENCE CHARACTERISTIC : 

(A) LENGTH: 14 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double -stranded 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: other nucleotide synthetic DNA 
(ix) FEATURE: 
(B> LOCATION: 6 

(C) OTHER INFORMATION: N« C and t 
(B> LOCATION: 7 

(C) OTHER INFORMATION: N=A , C, G and T 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 8: 
T6GAGNNCCT GGTC 



10 Claims 

1- A method of cloning a DNA coding for a membrane protein which comprises the steps of* 

A) selecting a protein having a signal sequence, and preparing a DNA (reporter gene) coding for the signal 
is sequence and N terminal sequence of said protein; 

B) constructing a DNA library containing a DNA coding for a target membrane protein; 

C) constructing an expression vector by joining the DNA fibrary obtained in B) above to the downstream of the 
reporter gene obtained in A) above; 

D) transforming an appropriate host with the expression vector obtained in C) above, and selecting ceils in 
20 which the reporter gene is expressed on the cell surface; and 

E) recovering the vector from the positive cells obtained to give a clone containing a part or the whole of the 
DNA coding for the target membrane protein; and 

F) when the DNA obtained in E) above codes only for a part of the target protein, obtaining a complete DNA 
clone based on the sequence thereof 

25 

2. The method of cloning a DNA coding for a membrane protein as claimed in Claim 1 . wherein the reporter gene is 
a DNA derived from the DNA coding for a known membrane protein by elimination of the transmembrane domain- 
encoding region and the downstream thereof 

30 3. The method of cloning a DNA coding for a membrane protein as claimed in Claim 2, wherein the known membrane 
protein is a mammalian cell-derived cell-surface antigen protean. 

4. The method df cloning a DNA coding for a membrane protein as claimed in Claim 2, wherein the known membrane 
protein is murine L3T4 

35 

5. The method of cloning a DNA coding for a membrane protein as claimed in Claim 1 , wherein the DNA library con- 
taining a DNA coding for a target membrane protein is a cDNA library concentrated by degenerated PGR utilizing 
a motif sequence occurring in a family of genes 

40 6. The method of cloning a DNA coding for a membrane protein as claimed in Claim 1 , wherein the appropriate host 
is an animal cell host. 

7. A DNA coding for the novel membrane protein obtained by the method recited in any of Claims 1 to 6. 
45 8- An expression vector which contains the DNA recited in Claim 7 

9. A transfprmant as transformed with the expression vector recited in Claim & 
1 a A membrane protein obtained by cultivating the trartsformant recited in Claim 9 



55 
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